We discuss several processes which may be able to produce very early Xray bump(s), as that observed in GRB 011121. We show that (1) If ǫ e and ǫ B (the fraction of energy given to the electrons and magnetic field) of the reverse shock are much larger than those of the forward shock, as suggested by fitting the afterglow light curve of GRB 990123, then the reverse shock synchrotron radiation can be dominant in the X-ray band, an X-ray bump lasting to several hundred seconds is expected. Accompanying that X-ray burst, there come very bright UV/Optical flashes. (2) The long activity of the central engine can account for the X-ray bump(s) or other peculiar phenomena by powering late internal shocks or refresh shocks through the early energy injection. In the energy injection case, the UV/Optical emission is strong. In the late internal shock model, the long wavelength emission may be weak due to the significant synchrotron selfabsorption. We suggest that the early X-ray bump observed in GRB 011121 may be better understood in the model of re-activity of the central engine.
Introduction
GRB 011121 was simultaneously detected by the BeppoSAX GRBM and WFC (Piro 2001) , which may be the first burst with well detected early X-ray lightcurve (tens seconds to one thousand seconds, see Fig. 2 of Piro et al. (2005) for detail). The lightcurve is distinguished by two re-brightening taking place at ∼ 250s, 500s respectively. For the first and dominant re-brightening, the flux increases rapidly F ∝ t 10 ⊕ , then drops sharply F ∝ t −7 ⊕ , where t ⊕ is the observer's timescale. In Piro et al. (2005) , they suggested that the X-ray re-burst is the onset of the external shock. In this work, we propose several alternative models being able to power such early X-ray bump(s). In §2, we discuss the forward-reverse shock model, which is widely accepted in modeling the GRB optical flashes (Mészáros & Rees 1997; Sari & Piran 1999) . In §3, we discuss the central engine re-activity model. In §4, we apply these models to GRB 011121.
The forward-reverse shocks model
In the standard internal-external shocks model for GRBs and afterglow, after the internal shock phase, as the fireball is decelerated by the interstellar medium, usually a pair of shocks develop (e.g. Mészáros et al. 1993; Mészáros & Rees 1997; Sari & Piran 1995 Kobayashi 2000; Zhang, Kobayashi & Mészáros 2003) . The forward shock (FS) emission peaks in soft X-ray band and the reverse shock (RS) emission peaks at far IR to optical band. Usually it is not expected that the RS emission will be dominant in the X-ray band, let alone produce the bumps as those detected in IR/optical band in GRB 990123, GRB 021211 and GRB 041219a (Akerlof et al. 1999; Fox et al. 2003; Li et al. 2003; Blake et al. 2005) . The synchrotron self-Compoton (SSC) radiation of the RS has been discussed by Wang, Dai & Lu (2001) , but there is no significant X-ray emission has been found. However, in most of previous discussions, ǫ e and ǫ B , the fraction of shock energy given to the shocked electrons and magnetic field, are assumed to be the same for the FS and RS. This assumption may be invalid since in modeling the optical flash of GRB 990123, it is found that ǫ (Fan et al. 2002) , where the superscripts "r" and "f" represent the RS and FS respectively. The evidence for different values of ǫ B in RS/FS regions have already been found by fitting the very early afterglow of GRB 990123, GRB 021211 and GRB 041219a (Zhang et al 2003; Kumar & Panaitescu 2003; McMahon et al. 2004 and Fan, Zhang & . It is a natural result (see Fan, Wei & Wang [2004] for more detailed discussion) since the GRB outflow may be magnetized initially or the magnetic field generated in the internal shocks phase has not been dissipated effectively. In this section, we study the RS/FS emission in X-ray band by assuming ǫ In the thin shell case (i.e., the RS is sub-relativistic, see Kobayashi [2000] ), the observer's time of the RS crossing the ejecta can be estimated by
where E iso is the isotropic energy of the outflow, n ∼ 1cm −3 is the typical number density of medium, η is the initial Lorentz factor of the outflow. In this Letter, the convention Q x = Q/10
x has been adopted in cgs units throughout the text.
Following the standard afterglow model for a fireball interacting with a constant density medium (e.g., Piran 1999), we write down the cooling frequency ν 
where
3 is the typical power-law distribution index of the electrons heated by FS,
denotes the time correction due to the cosmological time dilation effect, and t d is in unit of 1 day.
Following Zhang et al. (2003) , we take ǫ 
where γ 34,× ≈ (η/Γ × +Γ × /η)/2 is the Lorentz factor of the shocked ejecta relative to the rest,
If both ν 
To derive equation (10), we have taken (
Taking p = 2.3, Γ × ≈ η/2 ∼ 100, R B = 10 and R e = 5, we have F
, which suggests that in the X-ray energy range, the RS synchrotron radiation component is dominant, i.e., an X-ray bump is emerged. For t ⊕ > t × , the X-ray band RS emission drops as t −(2+p/2) ⊕ due to the curvature effect (e.g., Kumar & Panaitescu 2000; see Fan et al. 2004 for the numerical calculation on the RS flux for t ⊕ > t × for verification), while the FS emission drops as t −1 ⊕ , so in this case the X-ray bump can last to
1/2 t × ∼ 300s. How strong should the X-ray bump be? By taking Q x = 1, at ν ⊕ = 1 keV, we have
−11 ergs cm −2 s −1 . The peak fluence of the X-ray bump
−10 ergs cm −2 s −1 , which is detectable for the X-ray Telescope (XRT) onboard Swift. The corresponding optical emission is very bright. For the typical values taken in this section, at V band, the flux is strong to ∼ 0.4 Jy.
Following Fan et al. (2005) , the sample lightcures has been calculated numerically (see Fig. 1 for detail) . For illustration, we plot the RS emission with different values of R e and R B . One can see that an X-ray bump emerges only for R B , R e ≫ 1.
Can the SSC component of the RS emission dominate in the X-ray band? In the RS front,
where 
Since Y r ∼ 1 (Taking R B ∼ 10 and ǫ
But with careful choice of the parameters, in particular the initial Lorentz factor, this SSC radiation can be dominant in the very early X-ray afterglows, as already shown by Kobayashi et al. (2005) .
The re-activity of the central engine
After the prompt γ−ray emission phase, the GRB central engine system (a solar mass BH + acceleration disk) may be still active Dai & Lu 1998) . For example, the late energy injection may have been found in GRB 970508 (Panaitescu et al. 1998), GRB 030329 (Granot et al. 2003) , GRB 021004 (Björnsson, Gudmundsson & Jóhannesson 2004 ) and the variabilities of some GRB afterglows (Ioka et al. 2005 ). In addition, in some models the later energy injection are needed to produce the Fe line in GRB X-ray afterglow (Rees & Mészáros 2000; Gao & Wei 2005) .
Late internal shocks model
Since the initial prompt γ−ray emission is believed to be powered by the internal shocks (Paczyński & Xu 1994; Rees & Mészáros 1994) , it is naturally to assume that the re-activity of the central source ejects many shells moving with variable Lorentz factors and powering late internal shocks.
The observed isotropic luminosity is L x , the comoving number density of the shell can be estimated by n e ≈ L x /(16πΓ 6 δt 2 m p c 5 ), where m p is the mass of the proton. The thermal energy density of the shock can be estimated by e = 4Γ sh (Γ sh − 1)n e m p c 2 , Γ sh is the Lorentz factor of the internal shock. The intensity of the generated magnetic field can be expressed as B ≈ 3.1 × 10
int,14 , where R int ≈ 2Γ 2 cδt/(1 + z) is the typical radius of the internal shocks, δt being the typical variability timescale. The observed typical frequency of the synchrotron radiation of the late internal shocks reads
which suggests that the emission peaks at the X-ray band. The cooling Lorentz factor can be estimated as γ e,c ≈ 7.7 × 10
0 , correspondingly, the cooling frequency reads ν c,⊕ ∼ 2.6 × 10 11 Hz (
The synchrotron self-absorption frequency is estimated by 
Assuming that at hν x = 1 keV, the observed flux is F νx ∼ 1 mJy, as that observed in the re-burst phase of GRB 011121. The V band flux can be estimated as (ν v < ν a,⊕ )
∼ 2.2 mJy. Much weaker UV/Optical emission is possible for R int,14 ∼ 0.1 or smaller.
For one pulse and t ⊕ > t p,⊕ (where t p,⊕ is the observed peak time of the pulse), the flux of curvature component drops as (Kumar & Panaitescu 2000) , where β ∼ 1.2 is the spectrum index of the synchrotron spectrum. In principle, in this model, any slope steeper than −(2 + β) is possible.
Early energy injection model
In previous works on the energy injection in GRB afterglow phase, the energy are injected into the fireball directly (e.g., Panaitescu et al. 1998; Kumar & Piran 2000; Zhang & Mészáros 2002 ). But at t ⊕ ∼ several × 100 s, the initial fireball has not been decelerated significantly, which moves with a Lorentz factor Γ ∼ 100. So the collision between the injected energy and the fireball may be less efficient in powering the X-ray emission. However, behind the initial fireball, there are some slow materials, for example, the "cocoon of less energetic, but still moderately relativistic ejecta" suggested by Zhang et al. (2004) and Ramirez-ruiz et al. (2002) or alternatively the slow neutrons moving with a bulk Lorentz factor ∼ a few tens 1 . As the ejected material catches up with the slow material behind the fireball, interesting X-ray emission may be resulted in.
If the injected total energy is two or more orders lower than that of the initial fireball (as that observed in GRB 011121) and the bulk Lorentz factor (Γ inj ) is much larger than that of the slow material (Γ s ) behind the initial fireball, during the collision, the emission is mainly powered by the refresh RS with a Lorentz factor γ RS ∼ Γ inj /2Γ s = 10Γ inj,2.8 /Γ s,1.5 . The emission takes place at the radius R ∼ 2Γ 15.5 , i.e., in the soft X-ray band. At V band, the observed flux is expected to be
∼ 60 mJy for hν x = 1 keV and F νx = 1 mJy. For most optical telescopes on work, it is bright enough.
If the ejection takes place at t eje and ends at t 0 , roughly speaking, the X-ray flux drops as
−(2+p/2) due to the curvature effect for t ⊕ ≥ t eje . Please note that this is the case for the energy injecting into the slow material behind the fireball. For the energy injecting into the fireball directly, the curvature component drops as
Here we derive the curvature effect briefly (see also Kumar & Panaitescu 2000; Zhang et al. 2005) . Assuming the outflow ejected at t eje has been decelerated by the slow material behind the fireball and moves with a Lorentz factor Γ, and the electrons are shock-heated in a radius range R < R cro and cools rapidly. If there are no fresh shocked electrons injected continually and the observed frequency (ν ⊕ ) is above the cooling frequency of the electrons, what's the observed radiation for t ⊕ > t eje + R cro /(2Γ 2 c)? The flux received at ν ⊕ from a shell moving with velocity β = (1 − 1/Γ 2 ) 1/2 (in unit of c, for simplicity we assume it is a constant) is given by
is the specific spectrum of the radiation; θ 1 is determined by R cro ≈ c(t ⊕ − t eje )/[(1 + z)(1 − β cos θ 1 )]; N e ∝ R(θ)/R cro ∝ (1 − β cos θ 1 )/(1 − β cos θ) for θ 1 < θ < θ j is the number of electrons involved in the emission (measured in unit solid angle), R(θ) ≈ c(t ⊕ − t eje )/[(1 + z)(1 − βcosθ)] (Rees 1966).
Equation (18) yields
where t 0 = t eje + (1 + z)R cro /2Γ 2 c and t j = (1 + z)R cro (1 − cosθ j )/c. For t ⊕ > t j , there is no radiation any more. For t eje = 0, equation (19) reduces to the familiar form
, which matches that presented in Kumar & Panaitescu (2000) but derived in a different way.
GRB 011121
The fluence in the 2-700 keV range of GRB 011121 corresponds to an isotropic energy of E iso = 2.8 × 10 52 ergs at the redshift z = 0.36 (Infante et al. 2001 ). The main X-ray re-brightening (see Table. 2 of Piro et al. 2005 ) takes place at t b,⊕ = 239 s and peaks at t p,⊕ ∼ 270 s, the averaged flux of the X-ray re-brightening is ∼ 8.9 × 10 −9 ergs cm −2 s −1 (2-10 keV), the accompanying γ−ray flux is ∼ 9.3 × 10 −9 ergs cm −2 s −1 (40-700 keV). The corresponding luminosity (2-700 keV) is ∼ 6 × 10 48 ergs s −1 .
We suggest that the X-ray re-burst is more likely to be contributed by the re-activity of the central source, which is mainly favored by the fact that the flux increases rapidly F ∝ t 10 ⊕ , then drops sharply F ∝ t −7 ⊕ . In view of such steep decline, the forward-reverse shock model can be ruled out directly. Both the late internal shocks model and the energy injection model are possible, as long as the activity of central source lasts to ∼ 500 s. Such long activity is necessary since: In the energy injection model, assuming t eje = t b,⊕ = 239 s, t 0 = t p,⊕ ≈ 270 s and there is no material injected further, the observed X-ray flux should drop as F νx ∝ [(t ⊕ − 239)/31] −3.15 , which is much steeper than the observed decline F ν x,⊕ ∝ (t ⊕ /270) −7 (As shown in Fig. 7 of Piro et al. [2005] , the observation satisfies
In the late internal shocks model, δt < (t p,⊕ −t b,⊕ ) = 31 s, if after t p,⊕ , there are no internal shocks any more, the resulted decline F νx ∝ [1+(t ⊕ −270)/δt] −3.15 , which would be much steeper than the observation. So we suggest that after t p,⊕ , the decline of the X-ray flux of GRB 011121 is still contributed by the re-activity of the central source, not the curvature effect. One way to distinguish the late internal shocks model and the energy injection model is to detect the UV/Optical emission since in the energy injection model, the X-rays are powered at a radius much larger than the late internal shocks radius, so the synchrotron self-absorption frequency ν a is usually below the optical band, the resulting UV/Optical flash is much bright (see §3.2 for detail). However, for GRB 011121, there is no long wavelength observation at such early time. With the limited data in hand, no further conclusion can be drawn.
Other reasons to support the model of re-activity of central engine are as follows. In the spectral fit, it is found that the energy spectral index 1.15 ± 0.15 (re-brightening phase) is very close to that of precursors 1 and 2 (see Table 2 . of Piro et al. [2005] for detail). The WFC/GRBM ratio for these two precursors and the rebursting phase are also rather similar (see Fig. 1 of Piro et al. [2005] , lower panel).
Summary & Discussion
In this work, we show that (1) If ǫ e and ǫ B , the fraction of shock energy given to the electrons and magnetic field of the reverse shock are much larger than those of the forward shock, as suggested by the case of GRB 990123 (e.g., Fan et al. 2002) , then the reverse shock synchrotron radiation may be dominant in the X-ray band, so a X-ray bump lasting to several hundred seconds is possible to appear. After the observed crossing time t × , due
